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A B S T R A C T 
This paper presents the results of a study of the effect of daily trading volume on the persistence of time-
varying conditional volatility for Kuwait Stock Exchange. The sample includes the market index, seven 
sectoral indices and 20 stocks. Whereas inclusion of contemporaneous volume in the equation of 
conditional variance does not reduce the persistence of volatility for the eight indices, this is not the case 
for individual companies. Furthermore, the lagged intraday volatility has higher predictive power for 
volatility than the lagged trading volume. These results lend further support to the mixture of distribution 
hypothesis at the level of firm, but not at the market and sectoral levels. 
 
© 10 (2017) 0890-8389. Hosting by Thomson Reuters B.V. All rights reserved.  
2 THE BRITISH ACCOUNTING REVIEW 10 (2017) 0890-8389  
 
1. Introduction 
The volatility characteristics of returns on stocks have been one of the topics that have been examined extensively in the financial literature. 
This is because of the important role played by volatility in stock and option pricing, and the management of investment portfolios and risk. 
Many studies have highlighted the importance of trading volume and its impact on the volatility of financial assets. In a widely cited paper, 
Karpoff (1987) argued that there is a relation between the volatility of stock returns and volume, which provides insights into the structure of 
financial markets, the rate of information flow, information dissemination, market size, and the existence of short-term constraints on sales. The 
relation between price and volume data has important implications for studies of market events, and also helps to explain the observed kurtosis in 
the empirical distributions of stock returns. 
A review of research on the volume-return relation and the role of lagged intraday volatility in forecasting stock volatility reveals two 
important conclusions. First, whereas some studies attempted to examine the relation in developed markets, emerging markets have been neglected 
(Bohl and Henke, 2003; and Alsubaie and Najand, 2009).  Second, while many studies reported that the inclusion of contemporaneous volume 
eliminates the persistence of volatility, others reported mixed results (Lucey, 2004; Alsubaie and Najand, 2009). The present paper contributes to 
the discussion in two ways. First, it extends the analysis of the relation between trading volume and volatility to an emerging market, i.e. the Kuwait 
Stock Exchange which has not been studied despite its importance in the Middle East. Second, it contributes to the understanding of the process by 
which information is assimilated in security prices through the trading process, by investigating empirically the role of trading volume and lagged 
intraday volatility in predicting volatility. The remainder of this paper is organized as follows. Section 2 provides a brief account of the Kuwait 
Stock Exchange. A literature review is presented in Section 3. Section 4 presents the methodology employed in this study. The data is described in 
Section 6.  In Section 7 the empirical results are discussed. Section 8 concludes the paper. 
2. Kuwait Stock Market 
Kuwait stock market dates back to 1952, when the first shareholding company, the National Bank of Kuwait was established. The market 
operated over the counter until the formation of the Boursa Kuwait (formally called Kuwait Stock Exchange (KSE)) in 1983. The Boursa Kuwait 
(BK) is the only stock market in Kuwait which was established in April 2014 after restructuring the Kuwait stock exchange. It is fully owned by 
the government. The Capital Market Authority (CMA) performs the role of a securities exchange commission. As of end of December 2016, there 
were 218 listed firms, of which 22 are traded in the parallel market. The companies listed in the official markets are groped in 13 industrial sectors.  
BK  1is the fourth largest market in the Arab world, after the stock markets in Saudi Arabia, United Arab Emirates and Qatar, with a value  
2of KD24.5 billion as of the end of 2016, which represent 7.8 percent of the total market capitalization of the 13 Arab stock markets. The BK is 
dominated by banks which account for 46 percent of its market capitalization. The market turnover ratio, defined as the market turnover as a percent 
of the market capitalization, was 14 percent and 11.7 percent of market capitalization in 2015 and 2016 respectively. Since September 2000, foreign 
investors have been allowed to trade shares of Kuwaiti-incorporated firms listed on the KSE. However, such investors are required to obtain prior 
approval from the Central Bank of Kuwait (CBK) to own between 5 percent to 49 percent of the capital of Kuwaiti banks. To own more than 49 
percent of any Kuwait bank, foreign investors must obtain prior approval of the Council of Ministers. Prior to September 2000, foreign investors 
were only allowed to own shares of Kuwaiti-listed firms indirectly by owning shares in managed funds that invested in Kuwaiti banks. Foreign 
investors are free to invest in non-Kuwaiti firms listed on the BK without any restriction. Trading is dominated by Kuwaiti investors which account 
for 97.3 percent of value of shares traded in 2016. 
Trading days on the BK are from Sunday to Thursday in three trading sessions. The pre-opening phase is from 8:50am to 8:59 am, and in this 
phase buy and sell orders are entered without any match. The system selects the suitable price and during this phase prices are displayed and orders 
can either be modified or cancelled. The continuous session operates from 9:00am to 12:28pm. It is followed by a third phase (closing session) 
from 12:28pm to 12:30pm.  In the continuous phase an order is matched between traders against existing orders and then executed. BK differs from 
other markets in a number of respects. There is extensive government ownership in listed firms, managed through the Public Institution for Social 
Security and the Government Sovereign Fund (Kuwait Investment Authority), and the Awqaf Public Foundation. Until recently short-sales are 
prohibited. During the study period short sales was not allowed. Finally, the price tick is determined on the basis of price categories. Stock prices 
are not permitted to increase or decrease by more than 20 percent from a reference price34. In October 2017, Financial Times promoted the bourse 
to an emerging status. This promotion is likely to attract more foreign investors. 
3. Literature Review 
The mixture of distribution hypothesis (MDH) developed by Clark (1973), Harris (1987) and Andersen (1996), and the sequential information 
arrival hypothesis (SIAH) advanced by Copland (1976), Jennings et al. (1981), and Smirlock and Starks (1985), are the two competing approaches 
                                                   
1   BK is a completely order-driven market with no market makers. 
2   Market capitalization does include companies traded in the parallel mark. 
3 In case of a price changing corporate action the reference price discovered in the previous closing session is adjusted. For newly listed 
companies, there is no reference price until the first trade. 
4 Kim (2001), among others, provides empirical evidence that price limits do not restrict price volatility.  
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used to explain the volume-return relation of stocks. The MDH hypothesizes that the volume-return relation is critically dependent upon the rate of 
information flow into the market. The shift to a new equilibrium is immediate with no intermediate partial equilibrium (Foster, 1995). This is 
because MDH assumes that all traders receive the new information signals simultaneously. The MDH hypothesis predicts that pas t volume will 
have no information content to predict future volatility because these variables contemporaneously change in response to the arrival of new 
information. Copeland (1976) argues that the new information arrives to traders in a random sequence. Therefore, a new equilibrium is achieved in 
a multistage process and equilibrium is reached when all traders possess the same set of information. This process starts when a trader changes his 
trading position in response to an information signal received, whereupon that individual trader reformulates his future expectations. The 
information signal is not received by all the traders simultaneously. The main implication of SIAH is the existence of a positive intertemporal causal 
relation between volatility and volume in both directions. Hiemstra and Jones (1994) argue that a sequential information flow results in lagged 
trading volume having predictive power for current absolute price changes, and lagged absolute price changes having predictive power for current 
volume. 
Using daily trading volume as a proxy for information arrival, Lamoureux and Lastrapes (1990) tested the relation between conditional 
variance and trading volume using daily returns and volumes of 20 actively traded shares on the US market for a period from 1980 to 1984. Their 
results, using generalized autoregressive conditional heteroskedasticity (GARCH), show that volatility persistence disappears when they enter the 
daily trading volume series in the conditional variance equation. Arago and Nieto (2005) tested the same hypothesis using the daily return and the 
daily trading volume of nine stock exchanges over a period of five years. They found high persistence in conditional volatility and the introduction 
of trading volume did not reduce it. This is contrary to the results reported by Lamoureux and Lastrapes (1990). The latter results are similar to 
those reported by Sharma et al. (1996) who investigated the relation between trading volume and GARCH for NYSE index from 1986 to 1989. 
Their results show that trading volume does not completely explain the GARCH effect for the index. To reconcile their results with those reported 
by Lamoureux and Lastrapes (1990), they suggest that trading volume might be a good proxy for the information arrival for individual firms but 
not for the market as a whole. Gallo and Pacini (2000) tested the relation between daily return and trading volume using 10 actively traded US 
stocks. They found that inclusion of trading volume into the conditional variance equation reduces the estimated persistence.  However, Darrat et 
al. (2003) using intraday data from Dow Jones Industrial Average (DJIA) stocks reported evidence of significant lead/lag relations but not of 
contemporaneous correlation between return volatility and trading volume. These findings are contrary to the MDH and support the SIAH. They 
also found that inclusion of the lagged trading volume decreases the persistence of variance. 
Bohl and Henke (2003), after investigating the daily return-volume relation for 20 Polish stocks, reported mixed results. They found that in 
the majority of cases volatility persistence tends to disappear after including trading volume in the conditional variance model. Mestel et al. (2003) 
examined the return-volume relation using 31 stocks listed on the Austrian stock market for the period June 2000 to April 2003. Their results show 
that the persistence of variance over time partly declines if one includes trading volume as a proxy for information arrivals  in the equation of 
conditional volatility. Lucey (2004), after testing the relation between the daily returns and trading volume for 37 stocks listed on the Dublin Stock 
Exchange for a period from 2000 to 2003, reported strong evidence against the MDH. His results also show that inclusion of co ntemporaneous 
volume does not decrease the persistence of volatility. 
Recently, the relation between stock return volatility and trading volume for individual stocks listed on the Chinese stock market, as well as 
for four indices, was examined by Wang et al. (2005). These results confirm the significant effect of t rading volume in reducing the persistence of 
conditional variance for the individual stocks. But, they do not provide similar evidence for the four indices examined. These results lend further 
support to the results reported by Wang et al. (2004) who found that Chinese stock markets exhibit similar characteristics to those of developed 
countries. Léon (2007) reports that in the regional stock exchange of the West Africa Economic and Monetary Union, volume has predictive power 
for the volatility of returns on stocks. In addition, Mohd and Chin (2007) using index price and trading volume data from the Kuala Lumpur Stock 
Exchange find a significant relation between trading volume and return volatility. These findings lend further support to the SIAH. 
Recently, Alsubaie and Najand (2009) examined the persistence of return volatility in the Saudi Stock Market (SSM), using the market index, 
five sectoral indices and 15 individual companies. Their findings show that the strong volatility persistence found in the SSM disappears after 
including contemporaneous volume in the model. Their findings related to individual companies contradict those reported by Darrat et al. (2003). 
However, when lagged volume is included in the model instead of contemporaneous trading volume the persistence of volatility does not decrease. 
The results of testing the effect of the lagged trading volume do not reduce persistence as much as contemporaneous volume does. However, the 
volatility persistence decreased when the lagged volume is replaced with lagged intra-day volatility or the lagged overnight indicator. Therefore, 
they conclude that their results support the MDH rather than the SIAH. On the other hand, Carroll and Kearney (2012) test the validity of MDH 
using daily prices of the top 20 nonfinancial Fortune 500 and report that the persistence of GARCH effect decrease significantly after including 
trading volume in the model. However, Bose and Rahman (2015) using a sample of companies listed at the Bangladesh stock market and the 
exchange index found no evidence in support of MDH, since the results show that including contemporaneous or lagged trading volume in the 
model do not remove the effect of ARCH or GARCH. 
In an attempt to explain the conflicting resulted reported in a number of studies, Hua and Wei (2017) study the volume price relation in 36 
countries to identify possible explanations. Their results show that the volume-volatility relation to be weaker in countries with lower degrees of 
individualism and masculinity, higher degrees of power distance, aging population, developed capital market, and higher transparency. However, 
the empirical evidence provided is fairly weak, which require further investigations. According to World Competitiveness Forum, transparency of 
government policymaking (1-7 (best)) is average and ranked 103 globally in 2016-207, and it is ranked 75 globally out of 176 countries on the 
corruption index of 2016 published by Transparency International. Based on Hosted culture dimensions, Kuwait has high power of distance, low 
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masculine and low individualism. Based on Hua and Wei (2017), Kuwait as an emerging markets we would expect the relation between volume 
and volatility is strong. 
A study conducted by Kaseb, Haghighyfard, Salami, and Ghadiri-Anari (2017) revealed different results and reported no significant 
relationship between vitamin D deficiency and metabolic syndrome. Frequency of vitamin D deficiency was 93.2% and the frequency of metabolic 
syndrome was 36 percent (Kaseb, Haghighyfard, Salami, & Ghadiri-Anari, 2017). On the other hand, the relationship between vitamin D and height 
was not significant; low vitamin D level does not lead to short stature. Short stature can be attributed to several factors. One explanation of this can 
be need of a very low level of vitamin D < 10 ng/ml or 25 nmol/L to develop short stature. In accordance with the study population included in this 
study, only 107 (42%) had vitamin D levels below 25 nmol/L. Another important factor is calcium, which plays a major role in bone mineral 
density, and was found to be normal in most of the study subject. In contrast to results of this study, the relation between Vitamin D deficiency and 
short stature has been observed in a study conducted by Bueno, Czepielewski, and Raimundo (2010) in Brazil. This study explored that low vitamin 
D intake was observed in short-stature children. 
 
4. Model Specifications 
The generalized autoregressive conditional heteroskedasticity (GARCH) model proposed initially by Engle (1982) and further developed by 
Bollerslev (1986) has been extensively used in analyzing the behavior of time series over time. The GARCH (1,1) model is used in this study to 
test the impact of volume, as a proxy for the rate of information arrival, on the persistence of conditional variance. This process is used to examine 
the volatility of return including contemporaneous volume and lagged volume separately. GARCH allows conditional variance to change over time 
as a function of past errors and past conditional volatility. Using the method employed by Lamoureax and Lastrapes (1990) the variance of return 
was specified by the lagged conditional and unconditional variance, using the specification included in the equations (1) to (3). 
 
𝑅𝑡 = 𝛽1+ 𝛽2 𝑅𝑡−1 + 𝜀𝑡           (1) 
𝜀𝑡|Ω𝑡−1 ≈ 𝑁(0, ℎ𝑡 )                                                        (2) 
ℎ𝑡
2 = 𝛼0 + 𝛼1 𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1
2                                                                              (3) 
 
The daily return is calculated as follow: 
𝑅𝑡 = ln(𝑃𝑡 ) − ln (𝑃𝑡−1)                                                                               (4) 
 
Where ln(𝑃𝑡 ) and ln (𝑃𝑡−1) denote the natural logarithm of the closing price at day t and day t-1, respectively. 
Where 𝑅𝑡 is the daily return (defined in Equation 4),  𝑅𝑡−1 is the lagged dependent variable, 𝛽1, and 𝛽2, are the regression parameters. In Equation 
(2) Ω𝑡−1  represents the available information at time t-1. Equation (3), the GARCH (1, 1) process, has been used to model the conditional variance 
of return, where 𝛼0 is the constant term of conditional variance; 𝛼1  and 𝛼2 are the parameters of the squared residuals variance, respectively, lagged 
by one period. Lagged 𝜀2 are included to capture the feature of volatility clustering. The estimated parameters in Equation (3) (𝛼0, 𝛼1 , 𝛼2) are 
greater than zero, and 𝛼1  + 𝛼2‹1 to ensure stationarity of the return process and positive unconditional variance. Engle and Bollerslev (1986), Chou 
(1988), and Bollerslev, et al. (1992) show that the persistence of shocks to volatility depends on the sum of the 𝛼1  and 𝛼2
𝛼1  + 𝛼2 is a measure of the persistence of a shock to the variance. The effect of a shock on volatility is more persistent over time as the total of the 
parameters approaches 1. 
To test the effect of the trading volume on the persistence of conditional variance for the volatility of return, trading volume has been included in 
the conditional variance equation in a second model as shown in Equation (5): 
 
ℎ𝑡 = 𝛼0 + 𝛼1 𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 + 𝛼3𝑉𝑡                (5) 
 
Where 𝑉𝑡  is the trading volume in day t, and 𝛼3 is the parameter of contemporaneous volume. Other variables are as defined in  Equation (3). 
The inclusion of trading volume as a proxy for information arrival in conditional variance equation is expected to reduce 𝛼1 +𝛼2 and 𝛼3 > 0. The 
variance specified in Equation (5) incorporates a direct test of the MDH. If the MDH is relevant in explaining ARH/GARCH effect of the stock 
returns, then inclusion of the volume series in the conditional variance should absorb volatility persistence in the conditional variance process of 
GARCH (1,1). 
Since the second objective is to forecast volatility, lagged trading volume, (𝑉𝑡−1), is used. 𝑉𝑡−1 is used as a proxy for information arrival at 
time 𝑡 − 1, and this effect is tested using the following model: 
 
ℎ𝑡 = 𝛼0 + 𝛼1 𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 + 𝛼3𝑉𝑡−1              (6) 
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Another approach for estimating the daily volatility of stock prices is suggested by Parkinson (PK) (1980)5. PK’s methodology for estimating 
the variance of daily returns uses the extreme value estimator for ‘n’ days’ observations of the highest and lowest prices. The variance of daily 
returns is estimated by the following formula: 
𝜎 2 =  
0.361
𝑛
 ∑ 𝑙𝑖
2
𝑛
𝑖 =1
 
where, 𝑙𝑖 = (ln 𝑃ℎ𝑖 − ln 𝑃𝑙𝑖), the natural logarithmic range of the highest and the lowest price on the i-th day. Since an estimate of the single daily 
return volatility is required, ‘n’ in the formula should be replaced with 1. Therefore, the volatility, σ, for the share price can be estimated using the 
following equation: 
𝜎𝑡 = 0.601 {ln(𝑃ℎ𝑡 𝑃𝑙𝑡⁄ )} 
The lagged PK volatility, 𝜎𝑡−1, is used as a proxy for information arrival at time t. Therefore the conditional variance process model takes the 
following form (other notations as in Equation (5)): 
ℎ𝑡 = 𝛼0 + 𝛼1 𝜀𝑡−1
2 + 𝛼2ℎ𝑡−1 + 𝛼3𝜎𝑡−1                 (7) 
 
𝑉𝑂𝐿𝑡
𝑆𝑄
= 𝑙𝑛 (
𝐶𝑃𝑡
𝐶𝑃𝑡−1
)
2
 
 
𝑉𝑂𝐿𝑡
𝐺𝐾 = 0.5[𝑙𝑛(𝐻𝑃𝑡 ) − 𝑙𝑛(𝐿𝑃𝑡 )]
2 − (2 ∗ 𝑙𝑛(2) − 1) ∗ [𝑙𝑛(𝐿𝑃𝑡 ) − 𝑙𝑛(𝐶𝑃𝑡 )]
2 
 
𝑉𝑂𝐿𝑡
𝑅𝑆 = [𝑙𝑛(𝐻𝑃𝑡 ) − 𝑙𝑛(𝑂𝑃𝑡 )][𝑙𝑛(𝐻𝑃𝑡 ) − 𝑙𝑛(𝐶𝑃𝑡 )] + [𝑙𝑛(𝐿𝑃𝑡 ) − 𝑙𝑛(𝑂𝑃𝑡 )][𝑙𝑛(𝐻𝑃𝑡 ) − 𝑙𝑛(𝐿𝑃𝑡 )] 
 
Wiggins (1991), Gallant et al. (1999) and Alizadeh et al. (2002) have shown that using the daily price range (also a version of Parkinson’s 
daily volatility measures) is efficient under a no-drift assumption. A number of volatility studies including Chang et al. (1995), Chang et al. (1999) 
and Vipul (2008) use Parkinson’s volatility measures. PK’s estimator of daily volatility is considered efficient, compared to standard daily return-
based inferences, for two reasons. First, the daily range is a much less noisy measure of daily volatility than absolute or squared daily returns (see 
Parkinson, 1980, and Andersen and Bollerslev, 1998). Second, Alizadeh et al. (2002) demonstrate that the distribution of the log range is close to 
being Gaussian, which results in fairly accurate Kalman filter based quasi-maximum likelihood estimates. 
The existence of ARCH in the series is a necessary condition for using the GARCH model. Therefore, before performing GARCH models, the  
ARCH Lagrange multiplier (LM) test statistic is computed with an auxiliary test regression.  To test the null hypothesis that there is no ARCH up 
to order q in the residuals, the following regression is run: 
 
𝑒𝑡
2 = 𝛽0 + (∑ 𝛽𝑡
𝑞
𝑠 =1
𝑒𝑡−𝑠
2 ) + 𝑣𝑡  
 
where e is the residual.  This is a regression of the squared residuals on a constant and lagged squared residuals up to order q. 
The F-statistic is an omitted variable test for the joint significance of all lagged squared residuals.  The Engle’s LM test statistic is  computed 
as the number of observations multiplied by the R2 from the test regression.  The exact finite sample distribution of the F-statistic under H0 is not 
known but the LM test statistic is asymptotically distributed 𝜒2(q) under quite general conditions.  
 
5. Sample and Descriptive Statistics 
The data used in this study consist of daily index values and trading volumes for the overall KSE and sector indices for each of the seven 
major sectors in the economy. The sectors are banking, Food, Industry, Insurance, Investment, Real Estate, and Services. Also, the sample includes 
20 companies listed in Appendix A. These companies are the largest Kuwaiti listed firms as of 31st March 2008. They are incorporated companies 
with at least two years of data. The longest data series ranged between 2nd January, 2001 and 16th April, 2009. The indices, stock prices and trading 
volumes are obtained from the BK. The indices are price weighted. 
The daily returns for the overall market and the seven sectors are computed as the difference in the natural logarithm of the closing index 
values for each of the consecutive days. Table 1 reports the descriptive statistics of the daily returns for the overall market index and the seven 
sector indices over the entire study period. The scenes (both positive and negative) statistics are not too large for any of the indices, with the 
exception of the return series of industrial and Services, but all the kurtosis values are significantly larger than 3, indicating fat tails compared to a 
normal distribution. The Jacque-Berra (JB) test statistics for normality reject the normality of returns at the 1% level. In addition, the results of 
testing the presence of the ARCH effect in the return series indicate that the F-statistics and Engle’s LM test reported in Table 1 are significant at 
the 1% level for all indices and indicate the presence of ARCH effects. 
                                                   
5 As an alternative to lagged volume and Parkinson’s measure of intraday volatility, Gallo and Pacini (2002) suggest employing IDV which is 
calculated as the difference between the highest and lowest price divided by closing price. The conditional variance model that includes 
Parkinson’s volatility performs better than the one with lagged IDV in most of cases, and qualitatively similar results are produced in the rest of 
the cases. The results are not reported to conserve space. Another measure suggested by Gallo and Pacini (2002) as a candidate to capture the 
persistence of the conditional heteroskedasticity, is overnight indicator (ONI) which is measured as the logarithm of the opening price on any 
given day divided by the closing price on the previous day. Unfortunately, the opening prices of individual companies are not available to test the 
impact of this measure. 
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The descriptive statistics for daily return for individual companies, shown in Table 3, indicate that the mean daily stock returns for all 
companies are within the range from -0.00066% to 0.088%. The excess kurtosis is highly positive and ranges from 4.576 to 398.71. Additionally, 
the scenes statistics of all sample returns indicate departures from normality. Furthermore, the extremely large JB statistic confirms non-normality 
of all series. To test for the presence of ARCH effects in the data, the formal ARCH test was applied to justify using the GARCH model. The F-
statistics and Engle’s LM test reported in Table 3 are highly significant at the 1% level for all firms, indicating presence of ARCH in the series. 
Tables 3 and 4 depict the descriptive statistics for trading volume for the market index, the sectoral indices, and 20 companies. As shown in 
Table 3, for the indices, the highest mean of trading volume of sectoral indices is for Real Estate, while the lowest is Insurance. The Table also 
shows that trading volumes for all indices are characterized by positive skewness and high kurtosis. Furthermore, the JB test rejects the normality 
of trading volume for all indices. As for the companies (see Table 4), the trading volumes of all companies exhibit positive skewness and high 
kurtosis. Moreover, the high value of the JB test indicates significant departure from normality for trading volume of the 20 companies. 
The descriptive statistics of PK of all series (indices and individual companies) are presented in Tables 5 and 6. Table 5 shows that the highest 
mean of PK is for Industry, while the lowest is Insurance. Table 6 indicates that the mean of PK for companies ranged between 0.0164 and 0.0095. 
The statistics show that all series are positively skewed have high kurtosis. The significance of the JB statistics clearly indicates that PK of the eight 
indices and 20 individual companies are not normal. 
The autocorrelation coefficient for individual trading volume and the PK series were examined for the presence of serial correlation. The 
presence of serial correlation in a trading volume series and PK is a necessary condition for implementing the MDH with GARCH specification. 
This is because it is hypothesized that in the MDH serial correlation in the volume data (i.e. the rate of information arrival) and PK causes conditional 
heteroskedasticity of return on stock. Therefore, the Ljung-Box Q test for the presence of serial correlation in the individual series of trading volume 
and PK is performed. The results are presented in Tables 3, 4, 5 and 6. The results show that serial correlation coefficients are positive and 
statistically significant at the 1 percent level for the indices’ and all the individual companies’ trading volume series. This indicates that the rate of 
information arrival is serially correlated in the KSE for indices and individual companies. Furthermore, the tests for the presence of ARCH in the 
series show that the F-statistics and Engle’s LM test reported, as shown in Tables 3, 4, 5 and 6, are significant at the 1% level for all indices and 
individual companies, indicating the presence of ARCH effects. 
The tests for the effect of trading volume and PK on the conditional variance may be invalid, if the series are nonstationary. To test whether 
the return and volume series are stationary, the Phillips and Perron (PP) (1988) unit root test was used on the individual volume and PK series.  The 
PP test is preferred to the augmented Dickey–Fuller (ADF) test because it is robust with respect to the presence of serial correlation and 
heteroskedasticity. Table 7 presents the results for the PP statistics for the return on the market index, the seven sectoral indices, their trading 
volume series, and their PK at the levels with and without presence of a deterministic trend. Table 8 presents similar statistics for individual 
companies. The results show that the PP of all return and trading volume series and PK are highly significant. Therefore, it can be concluded that 
all return and trading volume series and PK are stationary6.  The F – statistics in Tables 5 and 6 show that the presence of an intercept and 
deterministic trend is statistically important in the unit root test. 
 
6. Results and Discussion 
The estimated results for the simple GARCH (1, 1), without trading volume included in the variance equation, for the eight indices are shown 
in Panel A of Table 9. The table also contains the Akaike Information Criterion (AIC) to provide the basis for a comparison of the GARCH models 
with and without trading volume. The second and third columns represent the parameters of the ARCH and GARCH terms, respectively. All ARCH 
and GARCH terms are statistically significant at the 1% level. The results suggest that the persistence of volatility, measured as the sum of 𝛼1  and 
𝛼2, (fourth column) is very high, being over 0.9 for all the cases except for the Banking, Industry and Insurance sectors, for which it is 0.862, 0.842 
and 0.864, respectively. These results suggest that the KSE exhibits a high persistence in volatility. These results are similar to those reported by 
Lamoureax and Lastrapes (1990) for the US market, and Arago and Nieto (2005) for nine international stock markets, and to ones obtained by Rao 
(2008) for six Gulf Cooperation Council (GCC) countries stock markets including Kuwait. Similar results are reported by Alsubaie and Najand 
(2009) for the Saudi stock market.  
Panel B in Table 9 reports the estimated coefficient estimates and asymptotic t-statistics of the model (Equation (5)), which include 
contemporaneous trading volume as a proxy variable for the information flow. According to Lamoureax and Lastrapes (1990), if serial correlation 
in volume does exist, its inclusion as an exogenous variable produces a reduction in the persistence of conditional volatility, reflected in an important 
reduction in the coefficients 𝛼1 , 𝛼2 and the loss of their significance. In contrast with this argument, the results from the eight stock indices shown 
in the table indicate that the inclusion of volume does not seem to eliminate GARCH effects. All ARCH and GARCH terms are statistically 
significant at the 1% level, while the estimated coefficient of trading volume is positive for all indices, and it is only significant for the market 
index, and for the Industry and Service sectors.  The coefficients 𝛼1 and 𝛼2 remain at very similar levels to the ones estimated in the restricted 
model and in those indices where the 𝛼1  coefficients are not significant, the high value of 𝛼2 makes the fall in the persistence very small. In fact, 
the sum of 𝛼1  and 𝛼2 of the indices of the Market, Food, Investment and Real Estate increased. The mean of the sum of ARCH and GARCH from 
the equation without trading volume is 0.924 and after including the trading volume variable in the equation the total goes down slightly to 0.909, 
which represents a decline of 1.57 percent. Taking the market index as an example, the coefficient for the previous shock is 0.205 and for its lagged 
variance is 0.789; both are highly significant above the 1 percent level. The sum of these coefficients is 0.994 which implies that the persistence in 
the volatility is very high and is higher than their sum in the GARCH model that does not include trading volume (0.990). That is, inclusion of 
contemporaneous trading volume in the model does not eliminate the GARCH effect. In addition, we perform a non-parametric Wilcoxon test to 
examine whether or not the sum of  𝛼1 and 𝛼2 obtained from Equations (3) and (5) are significantly different. The results of the test (z = -1.120, 
significant at 0.263) show that there is not a significant reduction in the sum of the coefficients of ARCH and GARCH after the inclusion of volume. 
                                                   
6 Similar conclusions are obtained when the ADF test is used. Results are not reported to save space. 
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These results indicate that trading volume is a poor proxy for information arrival to the market. These results are similar to those reported by Arago 
and Nieto (2005) who examined the persistence of volatility in the return of nine indices of nine international stock exchanges, including S&P 500 
and NASDAQ, Wang et al. (2005) for the indices of Chinese stock market, and Alsubaie and Najand (2009) who examined the effect of inclusion 
of contemporaneous trading volume in the conditional variance equation of the market and industrial indices of Saudi Arabia. 
The estimated parameters 𝛼1  and 𝛼2 of the individual companies are reported in Panel A of Table 10. To evaluate the degree of persistence 
in volatility, the sum of the two parameters is also reported. Panel A of Table 10 also contains AIC to provide a basis for comparison of the GARCH 
models with and without trading volume. The coefficient estimates and asymptotic t-statistics provide strong evidence that daily stock returns can 
be characterized by volatility clustering effects in all cases. The degree of persistence of volatility as measured by the sum of the parameters 𝛼1  and 
𝛼2 is very high, being over 0.90 in all cases, with the exception of one firm. As an example, take Firm 101, the coefficient for the previous shock 
is 0.197 and for its lagged variance is 0.747; both are highly significant at the 1 percent level. The sum of these coefficients is 0.944 which implies 
that the persistence in the volatility is very high. These results are similar to those reported by Alsubaie and Najand (2009) and by others examining 
stock returns in developed and emerging markets. 
Panel B of Table 10 shows a rather different picture of the role of contemporaneous trading volume in the volatility of rate of return for the 
20 individual companies. The coefficients 𝛼1  and 𝛼2 are positive and significant in all cases. The ARCH effect declines in 5 cases, and increases 
in the remaining 15 cases. Furthermore, the GARCH effect, while remaining significant in all cases, declines in all cases, with the exception of two 
companies. However, the coefficient 𝛼3 is positive in all cases, and significant at 5 percent level or less in 19 out of 20 cases. In 4 cases, the 
persistence of conditional variance is reduced slightly, as the sum of 𝛼1  and 𝛼2 declined between 0.91 percent and 4.61 percent. In one of the cases 
the level of this persistence remains at the same level found in the model without the trading volume. In the remaining cases , the persistence of 
conditional variance declined between 5.58 percent and 77.68 percent. For example, taking Firm 101, the volatility of the first shock, 𝛼1 , increased 
from 0.197 to 0.228, while that for its lagged variance declined from 0.747 to 0.700, which led a slight decline in the sum of the two coefficients 
from 0.944 to 0.928. In 19 out of 20 cases, the coefficients on trading volume are statistically significant at the five percent level. The results of the 
Wilcoxon test (z = -3.823, significant at 0.001) show that there is a significant reduction in the sum of the coefficients of 𝛼1  and 𝛼2 of ARCH and 
GARCH after the inclusion of volume. These results imply a strong correlation between return volatility and trading volume at firm’s level, which 
is well documented in previous studies, among them Alsubaie and Najand (2009).  
Based on the evidence provided above, for the individual stocks, the inclusion of contemporaneous trading volume in the conditional variance 
model as a proxy of information arrival in the GARCH specification reduces the persistence of conditional variance. This suggests that the 
information-based effect provides an explanation for much of the GARCH effect. However, the GARCH effect does not vanish completely as a 
result of including contemporaneous trading volume in the model. These results are contrary to those reported by Pyun et al. (2000) who found that 
including trading volume in the conditional variance model for Korean firms led the GARCH effect to vanish, and the results of Miyakoshi (2002) 
who showed that the GARCH effect declined dramatically and became insignificant in the majority of companies in a sample of Japanese firms. 
However, they are broadly similar to those of Bohl and Henke who used a sample of Polish companies, and the findings of Alsubaie and Najand 
(2009) who studied the Saudi Stock Market.  
In case of market and sectoral returns, the coefficient 𝛼3 is significant although there is no corresponding reduction in the persistence of 
volatility. Therefore, it can be concluded that trading volume is a poor proxy for the information on market returns. Comparing the results of the 
individual firms and those of the eight indices, it can be seen that in the case of KSE, the arrival of information represented by contemporaneous 
trading volume is company specific. In addition, for individual firms the trading volume variable performs well as a measure of information arrival, 
or in detecting the market timing of activity, which appears to be asynchronous among the firms to a large extent.  The effect of trading volume is 
negligible for market and sectoral portfolios due to the asynchronous nature of the arrival of information about individual companies, as a result of 
which it is not possible to extract a prevailing factor with regard to information arrival that affects either the market as a whole or segments of the 
market. 
Table 11 Panel A presents the results of the model with one day lagged trading volume for both the market index and the seven sectoral 
indices. The AIC of all the indices is slightly lower than that of the conditional volatility model without volume. The coefficients of both ARCH 
and GARCH are highly significant. However, unlike the coefficient with the contemporaneous trading volume, the coefficient of the lagged trading 
volume is not statistically significant, with the exception of the models of the market, Banking, Industrial, and Services. The sum of ARCH and 
GARCH for the eight indices decreases slightly, with the exception of the indices of Food and Real Estate, which remain the same, and for Banking, 
which increases slightly. Moreover, the sign of the coefficient of the lagged volume is negative in four of the eight indices. The results of the 
Wilcoxon test (z = -1.572, significant at 0.116) show that there is a significant reduction in the sum of the coefficients of ARCH and GARCH after 
the inclusion of lagged trading volume. These results contradict, to a large extent, those of Alsubaie and Najand (2009) who found that the sum of 
ARCH and GARCH for the Saudi indices (market and industrial indices) increase more than that with contemporaneous trading volume and almost 
reach the level of persistence without volume. However, they fall short of lending further support to the findings of Darrat et al. (2003). 
Panel B of Table 11 shows the results of estimating the conditional volatility using Equation (7) which includes lagged PK instead of lagged 
volume. The sum of the ARCH and GARCH has declined for all indices, with smallest decline being 9.64 per cent for Services and the highest 
40.62 per cent for Industrial, while the decline for the market was 14.34 percent. The average sum declined from 0. 924 to 0.761 and the coefficient 
of the lagged Parkinson measure of volatility, as measured by Parkinson’s equation, is significant in all cases. The results of the Wilcoxon test (z = 
-2.521, significant at 0.012) show that there is a significant reduction in the sum of the coefficients of ARCH and GARCH after the inclusion of 
lagged trading volume. Moreover, the AIC shows an improvement of the model over the one without volume, with contemporaneous trading 
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volume and lagged volume. This indicates the significance of the lagged stock volatility in predicting future volatility and that it has a better 
forecasting ability than the lagged trading volume.  
As for the companies (results are presented in Panel A of Table 12), the estimated conditional volatility using a model with lagged trading 
volume shows a decline in the sum of ARCH and GARCH in all cases, with exception of two which show an increase of 1.33 percent, and 7.74 
percent. These declines ranged between 0.6 percent and 48.04 percent. The average of the sum of 𝛼1 , and 𝛼2 declined from 0.946 obtained from 
the conditional volatility model shown in Equation (3) (see Panel A of Table 10), to 0.803 obtained from the model of the conditional volatility 
model estimated after inclusion of lagged volume. However, in 10 of the 20 companies the sum of 𝛼1 , and 𝛼2 is higher than 0.85. The coefficient 
of the lagged trading volume is positive in all cases, with the exception of one company, and significant at 5 percent level or less in 10 cases. 
Furthermore, the AIC shows that the model with lagged trading volume performs better than the model with only the ARCH and GARCH 
parameters, which indicates that for some companies the lagged trading volume has an ability to forecast, but this cannot be generalized. The results 
of the Wilcoxon test (z = -3.547, significant at 0.001) show that there is a significant reduction in the sum of the coefficients of ARCH and GARCH 
after the inclusion of lagged trading volume. These findings lend further support to the MDH. 
When the conditional volatility model is estimated with the inclusion of the lagged PK measure of the intraday volatility (results are reported 
in Panel B of Table 12), the AIC has improved in all cases (with the exception of one company) over those obtained from the conditional volatility 
model shown in Equation (3). The estimated parameters 𝛼1 , and 𝛼2 are significant in 19 of 20 companies, and their average sum declined to 0.725, 
which represents a decline of 23.31 percent. In addition, the sum of the two parameters declined for all companies, with a range between 5.86 
percent and 54.25 percent. Also, compared with the model with the lagged trading volume, these sums are lower in 15 out of 20 companies, and 
the AIC has improved in all cases. The estimated coefficient of the PK for all companies is highly significant. Moreover, the GARCH effect has 
declined significantly in 19 cases of the 20. The results of the Wilcoxon test (z = -3.920, significant at 0.001) show that there is a significant 
reduction in the sum of the coefficients of ARCH and GARCH after the inclusion of lagged PK. The significant declines of the sum of the estimated 
coefficients of both ARCH and GARCH alongside the significance of PK and the improvement, albeit slight, of the AIC indicate the power of the 
lagged intraday volatility in predicting the future stock return volatility, and that it has superior predicting power than the lagged trading volume. 
 
7. Conclusion 
This paper investigates the effect of inclusion of trading volume on the persistence of return volatility (GARCH effect) of financial assets in 
the KSE. The tests aim to determine whether the volume-return relation is explained by the MDH or the SIAH. The sample used includes a general 
market index, seven sectoral indices and 20 individual companies. The use of GARCH models in which the trading volume is included as an 
exogenous explanatory variable of conditional variance is suggested, following the methodology of Lamoureax and Lastrapes (1990) and others 
who examined the relation between trading volume and returns. KSE is found to exhibit high persistence at the level of individual companies as 
well as sectors. Furthermore, adding contemporaneous trading volume to the conditional variance equation as a proxy of the rate of information 
arrival to the market, reduces the persistence of volatility of returns for individual companies, but not that of the market portfolio or segments of 
the market represented by the seven sectoral indices. 
The evidence on individual stocks supports, to a large extent, the implications of the conditional variance equation, which results in a 
substantial reduction in volatility persistence in the daily returns. Strong support was found for the MDH in the case of some of the indices examined, 
since the inclusion of the lagged trading volume variable in the conditional variance equation of the eight portfolios (indices) showed no significant 
effect on the persistence of volatility. Therefore, serially correlated news arrival process are a source of GARCH effects in the KSE and the MDH 
provides a largely valid theoretical explanation in the Kuwaiti stock market. The findings of the study also show that while volume and returns are 
correlated contemporaneously, lagged volume has a little power to forecast future volatility once the effects of changes in lagged returns have been 
fully accounted for. Furthermore, it was found that lagged Parkinson’s (1980) measure of intraday volatility has more predictive power for 
forecasting volatility. Therefore, the intraday volatility, as an alternative proxy for trading activity, is a good proxy for information arrival and is as 
good as contemporaneous volume in explaining conditional volatility.  
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APPENDIX (A) TABLES  
Table 1: Summary statistics ARCH LM test and Ljung-Box Q for daily returns of the market and sectoral indices 
 Market Banking Food Industrial Insurance Investment Real Estate Services 
Mean 0.000748 0.000686 0.000643 0.000554 0.000532 0.000503 0.000509 0.000588 
Median 0.001078 0.000000 0.000383 0.000454 0.000000 0.000409 0.000868 0.001190 
Maximum 0.050469 0.099753 0.064566 0.038078 0.064973 0.065750 0.065750 0.038078 
Minimum -0.047773 -0.097294 -0.063985 -0.460518 -0.093565 -0.087629 -0.050394 -0.046052 
Std. Dev. 0.009106 0.307871 0.013265 0.134619 0.010249 0.012551 0.012408 0.138706 
Skewness -0.588009 0.106285 0.088789 -8.557809 -0.066418 -0.398580 -0.296393 -8.306495 
Kurtosis 6.901862 1000.182 4.561189 998.5101 9.978618 6.706640 5.467002 940.5672 
Jarque-Bera 1379.118* 83112995* 189.7924* 83271992* 3720.895* 1123.019* 509.6349* 69575259* 
Observations 1992 1992 1992 1992 1992 1992 1992 1992 
ARCH Test 
F-statistics 58.785* 171.896* 8.639* 40.918* 5.448* 61.622* 60.405* 43.879* 
LM test 
statistics 
256.693* 575.211* 42.187* 184.452* 29.913* 266.144* 261.943* 268.414* 
Q2 (12) 176.33* 430.63* 45.323* 450.47* 24.035* 175.24* 137.93* 155.57* 
 Significant at 5% level of less. 
 
Table 2: Summary statistics ARCH LM test and Ljung-Box Q  for daily trading volume of the market and industry 
indices 
 Market Banking Food Industrial Insurance Investment Real Estate Services 
 Mean 2.52E+08 17723315 4316717. 17066634 420490.7 50937833 51074363 17395858 
 Median 1.75E+08 10461250 2615000. 11838500 140000.0 35293750 34270000 12047500 
 Maximum 2.14E+10 1.20E+09 82250000 1.14E+09 28000000 3.60E+09 3.60E+09 1.14E+09 
 Minimum 4970000. 210000.0 2500.000 390000.0 5000.000 920000.0 300000.0 390000.0 
 Std. Dev. 8.84E+08 55967643 5611776. 52115424 1168814. 1.31E+08 1.38E+08 53586158 
 Skewness 17.59157 16.36758 5.279860 17.68555 11.73395 21.49155 19.68107 17.21103 
 Kurtosis 334.0971 298.7886 51.52341 337.1792 215.7977 518.5321 436.8537 319.0451 
 Jarque-Bera 9210882* 7402350* 189987* 9462331* 3502452* 20919034* 15032029* 7997116* 
 Observations 1992 1992 1992 1992 1992 1992 1992 1992 
ARCH Test 
F-statistics 32.278* 119.920* 56.370* 83.661* 33.643* 103.821* 95.036* 134.259* 
LM test 
statistics 31.794* 446.290* 239.384* 341.043* 153.977* 409.500* 382.449* 498.075* 
Q2 (12) 3570.3* 2629.6* 1579.1* 2159.6* 306.52* 2158.4* 3362.1* 3193.8* 
*Significant at 5% level or less. 
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Table 3: Summary statistics, ARCH LM and Ljung-Box Q test for daily returns of individual firms 
 Firm  Mean  Maximum  Minimum  Std. Dev. Skewness  Kurtosis 
 Jarque-
Bera Observations F-statistics 
LM test 
statistics Q2 (12) 
101 0.000233 0.091808 -0.175565 0.019386 -0.88292 14.27317 11278.8* 2079 27.101* 127.543* 39.758* 
102 -6.57E-05 0.09531 -0.747214 0.025941 -13.4466 384.2705 11029829* 1812 12.194* 72.936* 24.4* 
103 2.46E-05 0.09531 -0.747214 0.025347 -13.6334 398.7109 12566779* 1917 11.935* 118.789* 29.972* 
104 0.000628 0.088553 -0.154151 0.021056 -0.27501 8.878133 2612.67* 1799 13.567* 65.577* 23.001* 
105 0.000498 0.09531 -0.145954 0.027157 0.106898 5.074179 329.718* 1820 48.784* 215.652* 50.536* 
106 0.000219 0.120144 -0.236389 0.02553 -0.6223 11.19702 5911.65* 2064 6.614* 32.641* 21.924* 
107 0.000441 0.091808 -0.185403 0.021409 -0.3249 8.157864 2367.009* 2102 34.991* 161.908* 583.63* 
108 0.000201 0.09531 -0.26992 0.020923 -2.20482 28.43541 57949.47* 2087 3.905* 19.399* 30.566* 
109 -0.000505 0.093526 -0.091808 0.027644 0.196949 4.57612 83.57813* 760 65.761* 230.235* 59.3* 
204 0.000594 0.09531 -0.227057 0.02409 -0.88485 12.77188 8489.667* 2066 15.442* 74.631* 23.559* 
205 0.000903 0.093526 -0.149036 0.025713 -0.13397 5.711779 653.4473* 2112 45.799* 207.078* 520.19* 
217 -0.000294 0.179048 -0.273293 0.02766 -1.38358 18.53059 20914.32* 2017 10.782* 52.654* 227.37* 
413 0.000877 0.09531 -0.156569 0.026408 0.066016 5.809443 671.0656* 2036 66.294* 285.689* 59.882* 
501 4.61E-05 0.09531 -0.216808 0.027407 -0.60861 8.680322 2909.332* 2069 20.319* 97.099* 49.129* 
503 0.000714 0.146603 -0.207639 0.030167 -0.32357 7.533252 1503.664* 1721 23.738* 111.377* 45.736* 
514 0.000527 0.093526 -0.125163 0.024159 0.062238 5.405761 503.6678* 2083 42.397* 192.865* 36.148* 
603 0.000772 0.093526 -0.378558 0.028729 -1.5042 21.6483 31012.7* 2086 12.396* 49.481* 47.537* 
605 -0.00043 0.090151 -0.635989 0.028177 -10.3222 205.6384 3274134* 1894 13.013* 64.064* 27.66* 
613 0.000585 0.090151 -0.146603 0.020968 -0.0457 5.839122 701.6641* 2087 45.825* 206.946* 54.311* 
704 0.000452 0.087011 -0.419145 0.027666 -3.04385 43.95208 104847.8* 1468 12.078* 60.855* 413.25* 
 Significant at 5 percent or less 
 
Table 4: Summary statistics, ARCH LM test and Ljung-Box Q for trading volume of individual firms 
 
Firm Mean Maximum Minimum Std. Dev. Skewness Kurtosis 
Jarque-
Bera Observations F-statistics 
LM test 
statistics Q2 (12) 
101 1567877 1.02E+08 2500 3388112 14.99678 388.6598 12961970* 2079 3.491* 17.36* 1600.5* 
102 797017.1 42820000 2500 2061366 9.121023 131.1075 1264195* 1812 31.899* 147.643* 497.46* 
103 778260.3 42820000 2500 2011560 9.30982 137.0144 1462235* 1917 30.068* 139.221* 530.41* 
104 982180.4 26560000 2500 2079800 4.954595 38.02015 99290.05* 1799 22.789* 107.478* 2392.6* 
105 623544 3.27E+08 5000 7893005 39.01684 1604.765 1.95E+08* 1820 12.187* 61.000* 68.068* 
106 3071703 66240000 10000 4687311 4.460167 35.02164 95026.35* 2064 92.287* 377.856* 2314* 
107 3413895 36060000 10000 3778967 2.810155 15.93834 17428.08* 2102 12.049* 58.727* 1730.4* 
108 1476507 31850000 5000 2181921 4.515738 38.06849 114034.3* 2087 30.028* 140.418* 5395.1* 
109 4988173 2.33E+08 40000 10567654 13.97238 285.922 2562850* 760 11.553* 58.065* 139.95* 
204 2375984 40665000 5000 3641949 3.881163 26.08146 51048.08* 2066 57.494* 252.926* 3194* 
205 9132695 82120000 70000 10967288 2.900161 13.66888 12977.25* 2112 22.737* 108.159* 4296.6* 
217 1992299 42260000 5000 3089610 4.614138 36.5616 101820* 2017 30.88* 143.793* 1105.7* 
413 1263540 27860000 5000 2162334 4.50682 33.72046 86953.52* 2036 34.976* 161.456* 3241.1* 
501 3296472 40830000 7500 3992832 3.244537 18.60423 24621.1* 2069 20.319* 97.099* 3959* 
503 508811.7 10180000 2500 956495.1 3.723157 21.5802 28731.47* 1721 12.553* 60.755* 1977.4* 
514 1944462 30910000 10000 2695414 3.618425 23.2709 40208.97* 2083 10.81* 52.827* 1996.7* 
603 2424730 41525000 2000 2915355 3.765613 29.3762 65398.13* 2086 71.495* 305.821* 3414.4* 
605 2323955 5.32E+08 1000 12966521 36.33062 1473.639 1.71E+08* 1894 12.026* 60.593* 187.88* 
613 857549.6 34570000 2500 1472861 9.664276 176.7096 2656458* 2087 6.766* 33.385* 1116.5* 
704 103001.4 3807500 1000 243621.2 7.825354 94.93132 531924.4* 1468 10.501* 52.608* 264.29* 
 Significant at 5 percent or less. 
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Table 5: Summary statistics,  ARCH LM test and Ljung-Box Q for intraday volatility of indices 
 MARKET BANKING FOOD INDUSTRY INSURANCE INVESTMENT REALEST SERVICES 
 Mean  0.005764  0.008680  0.009981  0.007332  0.005749  0.008231  0.008392  0.007646 
 Median  0.004685  0.007239  0.008755  0.006359  0.004437  0.006980  0.007086  0.006561 
 Maximum  0.030314  0.049617  0.042912  0.029713  0.056232  0.036446  0.032895  0.035126 
 Minimum  0.000000  0.001215  0.000554  0.000980  0.004538  0.000356  0.000000  0.000526 
 Std. Dev.  0.003870  0.005264  0.005863  0.004123  0.005172  0.004926  0.004899  0.004456 
 Skewness  2.053432  2.076993  1.326115  1.680913  2.346778  1.766610  1.769413  1.814076 
 Kurtosis  8.483255  9.390612  5.543612  7.068766  14.80228  6.967565  7.083159  7.877205 
 Jarque-Bera  3895.391*  4197.402*  878.3408*  2119.432*  11830.38*  2261.545*  2361.184*  2954.510* 
 Observations  1992 1992 1992 1992 1992 1992 1992 1992 
ARCH Test 
F-statistics 19.936* 21.583* 14.664* 16.242* 2.523** 24.998* 16.418* 21.112* 
LM test statistics 95.190* 101.905* 70.276* 77.988* 12.568** 117.664* 78.984* 100.337* 
Q2 (12) 3604.1* 3539.4* 942.75* 2754.8* 159.51* 3361.6* 3596.1* 2644.5* 
*Significant at 1% level. **Significant at 5% level. 
 
 
Table 6: Summary statistics, ARCH LM test and Ljung-Box Q for Parkinson (1980) intraday volatility of individual firms 
 Firm  Mean Maximum 
 
Minimum  Std. Dev. 
 
Skewness  Kurtosis 
 Jarque-
Bera Observations 
F-
statistics 
LM test 
statistics 
Q2 
(12) 
101 
0.010039 0.075587 0 0.00928 2.121963 10.53176 6474.209 2079 64.366 279.3 4415.8 
102 
0.009807 0.057281 0 0.009148 1.55159 6.860401 1852.197 1812 12.336 59.932 1117.3 
103 
0.009543 0.057281 0 0.009036 1.58094 7.026353 2093.444 1917 11.239 54.675 1289.9 
104 
0.011602 0.100400 0 0.01199 1.979696 9.554708 4395.63 1799 10.914 53.13 838.31 
105 
0.012818 0.10571 0 0.013262 1.530994 6.391122 1583.057 1820 26.507 123.897 707.73 
106 
0.014523 0.086004 0 0.011284 1.480774 6.941055 2090.03 2064 13.665 66.318 1360.3 
107 
0.013459 0.088542 0 0.010233 1.799422 9.18916 4489.293 2102 28.737 134.832 2581.3 
108 0.011161 0.097674 0 0.009301 2.349566 13.18537 10941.4 2087 57.412 252.953 4380 
109 
0.018472 0.095598 0 0.013213 1.896302 8.311551 1350.662 760 19.257 86.002 1001.6 
204 
0.013624 0.079193 0 0.010859 1.433103 6.210089 1594.247 2066 15.442 74.631 1977.7 
205 
0.01728 0.098746 0 0.011816 1.752275 8.846422 4088.701 2112 24.668 116.835 2680 
217 
0.014649 0.107608 0 0.012107 2.07039 10.90956 6698.722 2017 25.795 121.545 1135.2 
413 0.014142 0.105514 0 0.012918 1.554403 7.143422 2276.301 2036 34.976 161.456 1763.5 
501 
0.015532 0.094262 0 0.012125 1.519004 6.719274 1988.179 2069 15.961 77.051 3189.2 
503 
0.012819 0.097674 0 0.01461 1.837156 7.594817 2482.034 1721 12.584 60.899 587.65 
514 
0.015248 0.074151 0 0.010757 1.104919 4.814999 709.7478 2083 17.944 86.246 1857.1 
603 
0.016428 0.076178 0 0.011079 0.933826 4.62548 532.8263 2086 22.881 108.741 2379.5 
605 0.01139 0.103879 0 0.009624 2.894721 19.28967 23585.9 1894 110.687 429.085 4796.2 
613 
0.012338 0.089869 0 0.009569 1.758691 8.925163 4128.741 2087 21.213 101.201 1139 
704 
0.009731 0.087254 0 0.01252 1.906162 7.660699 2217.655 1468 17.743 83.987 807.45 
 Significant at 5 percent or less. 
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Table 7: Phillips and Perron (PP) (1988) Unit root test for return, trading volume and intraday volatility data of the market index and 
industry indices 
 Return Series Trading volume Parkinson (1980) intraday Volatility 
Index Without 
trend 
With trend F-Statistics Without trend With trend F-Statistics Without trend With trend F-Statistics 
Market -36.929* -35.531* 627.414* -9.721* -9.494* 74.197* -32.674* -32.535* 519.749* 
Banking -348.215* -403.739* 1005.241* -16.433* -16.498* 140.432* -37.302* -38.311* 326.269* 
Food -39.915* -39.906* 775.327* -21.265* -21.304* 190.807* -32.156* -32.151* 324.478* 
Industrial -226.284* -246.208* 3792.435* -17.786* -17.812* 155.184* -36.427* -36.428* 329.561* 
Insurance -42.838* -43.061* 921.603* -37.177* -37.159* 569.637* -36.316* -36.300* 574.469* 
Investment -36.217* -35.991* 632.050* -12.666* -12.199* 112.317* -32.965* -33.263* 271.483* 
Real Estate -35.133* -34.999* 599.479* -10.769* -10.213* 87.606* -35.374* -35.539* 287.441* 
Services -218.374* -238.130* 3571.376* -17.340* -17.335* 147.066* -36.686* -36.699* 321.944* 
*Significant at 1% level. 
 
Table 8: Phillips and Perron (PP) (1988)   Unit root test for return and trading volume data of the market index and industry indices 
 Return Series Trading volume Parkinson (1980) intraday Volatility 
Firm Without trend With trend F-Statistics Without trend With trend F-Statistics Without trend With trend F-Statistics 
101  -41.495* -41.588* 868.365* -43.092* -42.035* 496.776* -39.841* -41.402* 390.448* 
102  -41.471* -41.609* 866.062*  -30.970* -30.952*  311.985* -40.515* -39.040* 494.271* 
103  -42.758* -42.906* 920.816*  -32.051*  -32.049* 330.821* -38.718* -37.501* 463.330* 
104 -47.078* -47.276* 1111.375* -34.878* -34.172* 380.158* -38.510* -37.313* 476.413* 
105 -40.036* -40.179* 793.845* -43.329* -43.318* 900.049* -38.657* -38.412* 485.553* 
106 -44.351* -44.447* 987.751*  -26.915*  -26.915* 249.713* -40.263* -39.956* 466.542* 
107 -47.395* -47.488* 1127.454* -31.625* -31.962* 335.206* -42.272* -42.079* 443.339* 
108  -43.536* -43.612* 952.670* -34.665* -37.165* 312.265* -38.950* -40.406* 352.707* 
109 -23.033* -23.031* 271.731* -24.083* -24.060* 239.938* -22.718* -22.642* 166.438* 
204 -43.079* -43.160* 927.315* -29.592* -29.676* 249.948* -41.911* -41.634* 435.426* 
205 -44.982* -45.007* 1012.689* -26.590* -26.923* 226.675* -38.488* -38.712* 379.372* 
217 -40.079* -39.849* 690.682* -37.120* -37.134* 427.604* -41.162* -40.125v 520.993* 
413 -39.246* -39.286* 783.888* -32.009* -32.209* 274.425* -37.235* -36.277* 429.913* 
501 -40.636* -40.662* 812.162* -33.460* -34.326* 302.890* -39.230* -39.251* 417.099* 
503 -39.467* -39.562* 784.136* -31.960* -30.972* 322.797* -34.633* -34.267* 440.991* 
514 -42.572* -42.657* 911.963* -34.116* -34.173* 338.919* -41.043* -40.542v 468.163* 
603 -41.991* -42.001* 876.268* -31.755* -32.335* 318.987* -40.758* -39.326* 490.687* 
605 -39.436* -39.509* 786.9568 -44.420* -43.179* 802.539* -44.849* -47.609* 512.215* 
613  -40.097* -40.238* 819.238* -42.526* -41.843* 547.699* -39.254* -38.893* 469.112* 
704 -38.771*  -38.773*  743.288* -32.545* -32.536* 426.990* -36.365* -35.490* 413.252* 
*Significant at 1% level. 
 
 
Table 9: Maximum likelihood estimation of GARCH(1, 1) without and with volume for the market and industry indices 
*Signif icant at 5% or less. 
 
 
 
 
  
 Panel A Panel B 
 Without Volume With Volume 
Index 𝛼1  𝛼2  𝛼1 +𝛼2 AIC 𝛼1  𝛼2  𝛼1 +𝛼2 𝛼3 AIC 
Market 0.204 (12.435)* 0.786 (62.341)* 0.990 -6.94 0.205 (12.408)*  0.789 (62.326)* 0.994 3.60E-13 (1.439) -6.40 
Banking 0.472 (7.591)* 0.390 (12.548)* 0.862 -6.33 0.474 (7.558)*  0.398 (14.999)* 0.872  1.90E-10 (14.999)* -6.38 
Food 0.108 (4.609)* 0.888 (47.714)* 0.996 -6.22 0.090 (4.840)* 0.894 (45.884)* 0.984 5.00E-10 (10.284)* -6.23 
Industrial 0.401 (8.426)* 0.441 (13.642)* 0.842 -4.63 0.360 (8.0410* 0.458 (14.915)* 0.818 7.91e-13 (3.954)* -5.18 
Insurance 0.265 (3.511)* 0.599 (8.299)* 0.864 -6.33 0.277 (3.277)* 0.592 (8.262)* 0.867 5.04E-10 (3.539)* -6.50 
Investment 0.146 (11.655)* 0.814 (68.544)* 0.960 -6.34 0.158 (11.731)* 0.800 (67.431)* 0.958 1.51E-11 (7.500)* -5.77 
Real Estate 0.167 (10.346)* 0.786 (46.884)* 0.953 -6.22 0.185 (10.602)* 0.763 (45.765)* 0.947 1.88E-11 (8.542)* -6.23 
Services 0.380 (8.094)* 0.543 (13.347)* 0.923 -6.44 0.376 (8.137)* 0.458 (13.808)* 0.834 1.92E-10 (12.176)* -6.45 
Mean 0.268 0.656 0.924   0.266 0.644 0.909 1.78E-10  
Median 0.235 0.693 0.938   0.241 0.678 0.910 1.04E-10  
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Table 10: Maximum likelihood estimation of GARCH(1, 1) with and with contemporaneous volume for the market and industry indices 
 Panel A Panel B 
 Without Volume With Volume 
Firm 𝛼1  𝛼2  𝛼1 +𝛼2 AIC 𝛼1  𝛼2  𝛼1 +𝛼2 𝛼3 AIC 
101 0.197(13.101)* 0.747 (73.268)* 0.944 -5.33 0.228 (11.108)*  0.700 (40.354)* 0.928 8.49E10 (15.889)* -5.58 
102 0.100 (12.300)* 0.849 (80.223)* 0.949 -4.92 0.142 (8.797)* 0.754 (28.780)* 0.896 3.88E-10 (4.608)* -4.98 
103 0.121 (12.071)* 0.879 (95.765)* 0.999 -4.93 0.229 (9.907)* -0.006 (0.768)  0.223 5.36E-10 (49.063)* -5.19 
104 0.202 (11.858)* 0.553 (21.496)* 0.814 -5.50 0.300 (9.037)* 0.289 (6.795)* 0.589 6.34E-11 (6.684)* -5.20 
105 0.327 (6.651)* 0.617 (15.463)* 0.944 -4.78 0.257 (8.521)* 0.651 (21.659)* 0.908 8.79E-11 (2.616)* -4.15 
106 0.265 (6.382)* 0.707 (21.515)* 0.972 -4.62 0.330 (6.595)* 0.092 (2.520)* 0.422 1.21E-10 (8.867)* -4.90 
107 0.166 (12.948)* 0.795 (50.398)* 0.916 -5.14 0.198 (12.809)* 0.658 (30.894)* 0.856 1.75E-11 (11.443)* -5.17 
108 0.450 (22.304))* 0.543 (29.079)* 0.993 -5.09 0.123 (6.477)* 0.262 (12.466)* 0.385 1.88E-10 (20.746)* -5.31 
109 0.185 (4.208)* 0.803 (22.128)* 0.988 -4.74 0.176 (4.214)* 0.794 (20.193)* 0.979 5.72E-10 (12.059)* -4.13 
204 0.189 (11.649)* 0.716 (33.247)* 0.905 -4.81 0.611 (4.768)* 0.167 (4.285)* 0.778 1.57E-10 (5.135)* -5.06 
205 0.100 (10.790)* 0.881 (89.079)* 0.981 -4.69 0.321 (5.984)* 0.292 (5.941)* 0.613 2.79E-12 (7.523)* -4.80 
217 0.379 (5.280)* 0.571 (12.949)* 0.951 -4.86 0.360 (19.132)* 0.240 (11.894)* 0.600 1.24E-10 (19.812)* -4.66 
413 0.295 (6.328)* 0.673 (20.044)* 0.968 -4.76 0.457 (6.351)* 0.310 (6.083)* 0.767 1.17E-10 (5.427)* -4.78 
501 0.183 (13.847)* 0.806 (83.626)* 0.988 -4.62 0.392 (7.169)* 0.209 (5.006)* 0.601 1.01E-10 (9.573)* -4.83 
503 0.112 (12.297)* 0.855 (101.588)* 0.966 -4.36 0.114 (12.493)* 0.853 (94.510)* 0.966 5.23E-12 (1.345) -4.36 
514 0.287 (6.587)* 0.697 (21.427)* 0.984 -4.85 0.322 (5.952)* 0.150 (3.233)* 0.472 1.58E-10 (7.709)* -4.91 
603 0.113 (10.120)* 0.820 (44.490)* 0.933 -4.36 0.282 (5.910)* 0.547 (10.357)* 0.829 2.54E-09 (14.962)* -4.00 
605 0.284 (14.958)* 0.628 (30.795)* 0.914 -5.48 0.348 (19.494)* 0.240 (20.724)* 0.588 2.01E-10 (62.888)* -5.21 
613 0.294 (6.564)* 0.672 (19.734)* 0.966 -5.16 0.352 (8.373)* 0.348 (9.002)* 0.700 1.00E-10 (7.656)* -5.19 
704 0.285 (4.852)* 0.559 (8.701)* 0.844 -4.36 0.235 (6.871)* 0.570 (13.815)* 0.805 4.12E-10 (4.351)* -4.75 
Mean 0.227 0.719 0.946   0.289 0.406 0.695 4.25E+09  
Median 0.200 0.712 0.959   0.291 0.301 0.734 1.41E-10  
*Signif icant at 5% or less. 
 
Table 11: Maximum likelihood estimation of GARCH (1, 1) with lagged volume for the market and industry indices 
 Panel A Panel B 
 Conditional variance with Lagged Volume Conditional Variance with Lagged Parkinson Volatility 
Index 𝛼1  𝛼2  𝛼1 +𝛼2 𝛼3 AIC 𝛼1  𝛼2  𝛼1 +𝛼2 𝛼3 AIC 
Market 0.223 (7.630)* 0.758 (29.724)* 0.981 -6.81E-13 (3.986)* -7.00 0.143 (4.705)* 0.704 (19.846)* 0.848 0.003 (4.859)* -7.01 
Banking 0.367 (9.109)* 0.510 (13.499)* 0.877 7.88E-13 (3.350)* -6.09 0.130 (1.801)** 0.432 (4.611)* 0.562 -1.96 (11.290)* -6.97 
Food 0.108 (4.609)* 0.888 (47.711)* 0.996 -1.00E-11 (0.207) -6.26 0.101 (3.517)* 0.794 (23.899)* 0.895 0.004 (3.752)* -6.28 
Industrial 0.442 (40.071)* 0.278 (11.292)* 0.720  2.56E (33.525)* -6.40 0.538 (2.574)* -0.038 (0.761) 0.500 -0.253 (13.898)* -5.56 
Insurance 0.207 (4.001)* 0.634 (8.875)* 0.842 2.00E-10 (1.066) -6.47 0.159 (2.928)* 0.603 (7.619)* 0.762 0.002 (1.549) -6.48 
Investment 0.146 (11.636)* 0.814 (68.430)* 0.960 -8.77E-13 (0.610) -5.73 0.149 (4.825)* 0.707 (18.353)* 0.856 0.003 (4.517)* -6.38 
Real Estate 0.167 (10.325)* 0.786 (46.862)* 0.953 -4.68E-13 (0.340) -6.26 0.113 (6.800)* 0.715 (27.411)* 0.828 0.001 (6.343)* -6.28 
Services  0.476 (37.420)* 0.291 (11.740)* 0.767 2.54E-12 (33.164)* -5.87 0.092 (3.714)* 0.742 (20.300)* 0.834 0.004 (5.305)* -6.47 
Mean 0.267 0.620 0.887 3E-11  0.178 0.582 0.761 -0.275  
Median 0.215 0.696 0.914 -5E-13  0.137 0.706 0.831 0.0025  
Student’s t are in parentheses.*Significant at 1% level. **Significant at 10% level. 
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Table 12: Maximum likelihood estimation of GARCH (1, 1) with lagged volume and lagged intraday volatility for the market and industry 
indices 
 Panel A Panel B 
 With lagged trading volume With lagged of Parkinson’s measure of volatility 
Firm 𝛼1  𝛼2  
𝛼1 +𝛼2 
𝛼3 AIC 𝛼1  𝛼2  
𝛼1 +𝛼2 
𝛼3 AIC 
101 0.214 (10.853)* 0.550 (19.670)* 0.764 4.76E-11 (14.369)* -5.42 0.175 (6.676)* 0.536 (15.491)* 0.711 0.006 (10.600)* -5.51 
102 0.150 (8.178)* 0.600 (20.030)* 0.750 1.09E-11 (0.058)  -4.99 0.041 (6.100)* 0.579 (10.276)* 0.620 0.006 (7.050)* -5.46 
103 0.104 (5.002)* 0.650 (11.771)* 0.754 1.09E-11 (0.476) -5.35 0.105 (6.100)* 0.727 (24.749)* 0.832 0.003 (5.899)* -5.40 
104 0.188 (10.222)* 0.689 (29.015)* 0.877 3.91E-12 (1.880)** -4.71 0.174 (10.553)* 0.485 (14.512)* 0.629 0.0000 (0.318) -5.58 
105 0.269 (8.737)* 0.632 (20.100)* 0.901 2.67E-11 (0.334) -4.14 0.257 (5.877) 0.569 (13.718)* 0.826 0.005 (3.117)* -4.80 
106 0.309 (5.932)* 0.546 (11.426)* 0.855 2.29E-11 (3.760)* -4.81 0.262 (5.137)* 0.544 (11.065)* 0.706 0.008 (4.589)* -4.82 
107 0.150 (6.962)* 0.600 (11.211)* 0.750 2.88E-11 (11.017)* -4.61 0.132 (9.714)* 0.761 (36.662)* 0.839 0.002 (6.491)* -5.28 
108 0.167 (7.485)* 0.349 (12.115)* 0.516 1.78E-10 (0.996)  -5.18 0.095 (7.204)* 0.582 (23.370)* 0.677 0.011 (14.131)* -5.21 
109 0.150 (1.057)  0.600 (1.794)** 0.750 -7.63E-12 (2.050)* -4.15 0.328 (4.779)* 0.407 (6.565)* 0.735 0.0101 (5.935)* -4.87 
204 0.260 (7.286)* 0.657 (20.059)* 0.917 2.62E-11 (3.467)* -5.00 0.147 (8.883)* 0.705 (29.601)* 0.852 0.004 (5.260)* -5.14 
205 0.139 (6.235)* 0.836 (40.808)* 0.975 1.07E-12 (1.927)** -4.82 0.094 (5.366)* 0.744 (22.761)* 0.839 0.006 (8.234)* -4.84 
217 0.169 (16.388)* 0.734 (45.316)* 0.903 6.95E-12 (0.927) -4.59 0.271 (6.543)* 0.472 (9.564)* 0.743 0.005 (5.428)* -4.97 
413 0.295 (6.293)* 0.665 (19.050)* 0.960 4.35E-12 (0.479) -4.81 0.271 (5.484)* 0.580 (13.000)* 0.751 0.006 (3.816)* -4.89 
501 0.228 (10.243)* 0.729 (37.645)* 0.937 7.63E-12 (2.762)* -4.75 0.287 (7.919)* 0.165 (6.854)* 0.452 0.022 (13.506)* -4.88 
503 0.150 (10.199)* 0.599 (23.192)* 0.649 6.53E-11 (3.692)* -4.39 0.528 (3.798)* 0.130 (1.528)  0.658 0.001 (0.348) -4.68 
514 0.200 (9.244)* 0.692 (29.854)* 0.892 9.53E-12 (4.073)* -4.91 0.180 (8.317)* 0.640 (16.199)* 0.820 0.004 (3.250)* -4.99 
603 0.215 (5.265)* 0.552 (8.558)* 0.767 3.18E-18 (3.335)* -4.55 0.172 (4.770)* 0.581 (9.255)* 0.753 0.008 (4.437)* -4.56 
605 0.194 (7.122)* 0.576 (17.750)* 0.770 6.64E-11 (1.950)** -4.24 0.320 (10.747)* 0.410 (11.049)* 0.730 0.012 (13.281)* -5.55 
613 0.237 (9.921)* 0.625 (30.968)* 0.862 2.50E-10 (0.881) -4.72 0.344 (4.949)* 0.283 (3.568)* 0.627 0.003 (5.899)* -5.28 
704 0.119 (3.657)* 0.396 (3.391)* 0.515 3.10E-10 (2.445)* -4.80 0.285 (4.635)* 0.424 (6.591)* 0.709 0.009 (4.533)* -4.81 
Mean 0.195 0.614 0.803 0.000   0.223 0.516 0.725 0.007  
Median 0.191 0.613 0.813 0.000   0.219 0.557 0.733 0.006  
Student’s t are in parentheses.*Significant at 1% level. **Significant at 10% level. 
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APPENDIX (B) SAMPLE OF FIRMS USED IN THE STUDY 
 
 
Appendix A. Sample of firms used in the study 
Ticker Firm 
101 National Bank of Kuwait 
102 Gulf Bank of Kuwait 
103 Commercial Bank of Kuwait 
104 Al-Ahli Bank of Kuwait 
105 Bank of Kuwait and Middle East 
106 Kuwait International Bank 
107 Burgan Bank 
108 Kuwait Finance House 
109 Boubyan Bank 
204 National Investments Company 
205 Kuwait Investment Projects Company 
217 Investment Dar Company 
413 Mabanee Company  
501 National Industries Group (Holding) 
503 Kuwait Cement Company 
505 Gulf Cable and Electrical Industries Company 
514 Boubyan Petrochemicals Company 
603 Public Warehousing Company 
605 Mobile Telecommunications Company 
613 National Mobile Telecommunications  
704 Kuwait Food Company  
 
 
 
